Building on the theoretical considerations developed in Part I of this two-part series, a population range was established for a new extracellular fluid acid-base parameter using Monte Carlo simulation. This new parameter, the unmeasured ion excess, had a normal range of ±2.50 mEq/l which was slightly narrower than the normal range for the standard base excess at ±3.20 mmol/l. In both cases, most of this variation occurred as a result of the estimation of the bicarbonate concentration. Finally, several short clinical vignettes were explored to highlight the differences between the unmeasured ion excess and the standard base excess.
In Part I of this two-part series, the theoretical basis for a new method of predicting the presence of unmeasured charged species, XA, in human extracellular fluid was described in detail. A variable, the unmeasured ion excess (UIX), was constructed so that it corrected for the important effects of strong ions and weak acids 1 . It was tested against the standard base excess (SBE). The UIX was found to predict the presence of [XA] with greater accuracy than the SBE when altered concentrations of plasma strong ions and weak acids were present.
In this paper, by employing a previously validated Monte Carlo methodology, a population standard deviation was constructed for UIX using simulated population values for the electrolyte, weak acid and carbon dioxide concentrations. It was shown that the UIX possessed a narrow population confidence interval which should permit its reliable use in clinical practice, though this assumption has yet to be tested.
The SBE was computed using Siggaard-Andersen's version of the Van Slyke equation by assuming a whole blood haemoglobin concentration of 50 g/l, thus simulating the mean whole body extracellular fluid haemoglobin concentration (see Appendix B (i), Part I) 2 . As previously noted, the Radiometer™ acid-base laboratories use an approximating polynomial to estimate SBE (see Appendix B (ii), Part I) 1 .
The following conventions were noted: All variables were identified either by name or chemical symbol and were reported in either mEq/l or mmol/l. Square brackets denote concentration with ionic species identified by their chemical symbols. Molecular weight of human serum albumin was taken as 65500 Daltons. Molecular weight of the human haemoglobin tetramer was taken as 64400 Daltons except for the calculations involving SBE, where haemoglobin was assumed to be monomeric (MW 16100 Daltons). Haemoglobin is also assumed to be fully saturated with oxygen. Throughout, temperature was taken as 37°C.
Data for the population simulation were supplied by AUSLAB, which is the corporate laboratory information system for the Queensland Health Pathology and Scientific Service. It provides a single statewide pathology system for all public hospital facilities in Queensland (2010 population: 4,500,000) and publishes normal population ranges for all measured analytes. These ranges are regularly checked and validated under the supervision of the National Association of Testing Authorities acting in collaboration with the Royal College of Pathologists of Australasia. They were used in this paper to calculate the required standard deviations for the estimation of the population confidence intervals for SBE and UIX.
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METHODS
Population variances for both SBE and UIX were assessed using standard Monte Carlo simulation. Briefly, normal variates were generated using the Box-Muller method 3 . These variates were subsequently used to construct the population means and standard deviations required for the calculation of SBE and UIX. Finally, a Monte Carlo simulator was primed to generate a virtual population of 20,000. This model was analysed using standard statistical techniques resulting in predictions for the mean and 95% confidence interval for SBE and UIX. The standard values used to construct the required parameters were taken from AUSLAB, the corporate Queensland Health Pathology and Scientific Services reporting system. Details of the mathematical structure and application of this type of simulation have been previously published by this author 4 .
Where required, simulation programs were written using C++ and the subsequent results analysed with STATA™. Simulated variables were checked for normality using the D'Agostino K 2 test 5 .
Difference in mean values was assessed using a two-tailed Student's t-test. Where required, other statistics reported were mean, SD and 95% confidence interval and the level of significance for all statistical tests was set at P ≤0.05.
Out of interest, the strong ion gap (SIG) was calculated using Equations 3 to 6 in Appendix A Part I, with SIG substituted for E 1 .
rESULTS
The simulator was loaded with the data in Table 1 and run to generate a virtual population of 20,000. The results for each variable were normally distributed and are summarised in Table 2 and illustrated in Figure 1 .
The SBE and UIX were calculated (Equations 2 to 7, Part I Methods) 1 with the following substitutions. For the calculation of UIX, let [HCO 3 -] c =24.50 mmol/l and let pH c =7.40 in Equations 3 and 4, respectively. Calculation of SBE proceeded as before. The results revealed a normally distributed virtual population of 20,000 with 95% confidence intervals of ±2.50 mmol/l and ±3.20 mmol/l for UIX and SBE respectively. The result for the SBE was very close to the reported AUSLAB range of ±3.00 mmol/l. The contributions to the population variance from the carbonate and non-carbonate species were assessed by setting the relevant standard deviations to zero and rerunning the simulation. These supplementary results are summarised in Table 3 .
DISCUSSION
In general, a simulation model uses symbolic notation and mathematical equations to represent the system under investigation. A static simulation model, also commonly called a Monte Carlo model, represents either a time-independent system or a system at a particular point in time. Because these models have inputs that obey statistical distributions, the outputs can be treated as statistical estimates of the true characteristics of the system and analysed as such. In this case, the input variables are modelled as normal variates and are analysed using a standard two-tailed t-test. With the availability of modern, fast, cheap computers, simulation is becoming very popular. It has several advantages, including repeated use of the model to analyse systems and their variants, analysis of complex systems even though the input data may be sketchy, substantially less cost than obtaining data from real systems and the derivation of solutions when direct analytical solutions are impossible. Their disadvantages are few and concern the use of simulation in place of a direct analytical technique when such is available 9, 10 . In this case, simulation was used to derive a population confidence interval for the new parameter UIX and proved to be a powerful and very useful method of examining a large population (n=20,000). Validation of the model was accomplished by comparing the simulated standard deviations of selected population parameters against their real values. In the case of pH, bicarbonate concentration and standard base excess, the simulated population confidence intervals matched the real data very closely 4 .
In the population simulation, the SBE was calculated as a zero-based parameter with a nominal range of ±3.20 mmol/l. Further simulation showed that most of the variation was due to the bicarbonate parameter. As the UIX shares a similar mathematical structure, it was no surprise that the simulated population range was virtually the same at ±2.50 mEq/l. That the range was slightly narrower is due to the variance reduction effect of the bicarbonate coefficients, 0.93 in the case of SBE and 0.75 for UIX. Given that the normal range for SBE is usually taken to be ±3.00 mmol/l irrespective of the population under study, and given the similarities in formulation that exist between SBE and UIX, the UIX should prove to be an equally robust parameter, though this external validity is yet to be tested. It is noted that variability does occur with other parameters (e.g. SIG), particularly between the physiologically normal and the critically ill populations 11 . On a more practical note, it may also be argued that the UIX variance may also fluctuate because of inherent imprecision in the instrumentation used to measure the variables that indirectly make up UIX, in particular the electrolyte values used to calculate pH. This current author has demonstrated the very minor role that measurement error plays in defining the overall population range for SID a and SIG, and by logical extension SBE and UIX 4 . In the same publication, the author also demonstrated a relatively large simulated population standard deviation for the strong ion gap due mainly to the standard deviations associated with the plasma concentrations of sodium and chloride. Given the fact that these same electrolytes are used in the initial calculations of UIX, it is natural to wonder why the standard deviation of the UIX is so small. The answer lies in the fact that UIX, as with SBE, is a function of the pH, bicarbonate concentration and a brace of numerically small but significant weak acid terms and is not a direct function of electrolyte concentrations. It is the standard deviations associated with the pH and bicarbonate terms that are the major determinants of the overall population standard deviations of both UIX and SBE. Previous attempts at correcting the base excess for changes in the measurable non-carbonate components of plasma have relied on the application of empiric formulae to account for various 'effects' 12, 13 . These formulae incorporate corrections for the effects of free water, chloride and albumin based on the interrelationship between the plasma sodium concentration and plasma water for the first two and the modelled pH-dependant surface charge of albumin for the latter. Summation of the effect values with the calculated value for base excess gives a final figure that reflects the presence or absence of unmeasured ions -the base excess gap. This method relies on mean values for sodium, chloride and strong ion difference that will vary both between and within populations, thus introducing significant error into the final calculation. It has not gained widespread acceptance.
A recent calculator promulgated by Lloyd employs a strict strong ion approach to acid-base analysis 14, 15 . The software output displays both a graphical representation of the acid-base disturbance in the form of a Gamblegram as well as a numerical report subdividing the acid-base disturbance along the classical lines of strong ion theory 16 . The user is left to interpret the various biases of proton activity in terms of the respiratory component, the measured strong ion 'metabolic' component, the measured non-volatile weak acid 'metabolic' component and an index of the unmeasured 'metabolic' component as the 'net unmeasured ions' or, more commonly, the strong ion gap. It is an interesting exercise in applying strong ion theory at the bedside, but ultimately suffers from the same drawbacks as reporting the strong ion gap per se, that is, a parameter with an apparently wide population variance that examines only the plasma compartment.
CLINICAL VIGNETTES
A number of short clinical vignettes may serve to illustrate the practical application of UIX (Table 4) . Throughout, the [Hb] wb =150.0 g/l (2.33 mmol/l) and [DPG]=5.0 mmol/l. Unless stated, concentrations of ionised calcium and serum magnesium were within their respective normal ranges (2.15 to 2.55 mmol/l for calcium and 0.70 to 1.10 mmol/l for magnesium). For the sake of simplicity, the normal population ranges for SBE and UIX were taken as ±3.0 mmol/l and ±2.5 mEq/l respectively. Normal ranges for the clinical data are taken from AUSLAB and are as follows: sodium 135 to 145 mEq/l, potassium 3.5 to 4.5 mEq/l, chloride 105 to 115 mEq/l, lactate 0.5 to 1.6 mmol/l, pH m 7.35 to 7.45, PCO 2 35 to 45 mmHg, albumin 35 to 50 g/l and inorganic phosphate 0.81 to 1.34 mmol/l. Data derived during the calculations are included in Table 4 to serve as a cross-check for the methodology. The variability between the SBE calculated by the acid-base laboratory and that by using the Siggaard-Andersen equation (Equation 7, Part I) 1 is at most 2%. This minor error occurs because the commercial acid-base analyser uses an approximating equation rather than the traditional Siggaard-Andersen equation which results in a very minor discrepancy (see Appendix B (ii), Part I) 17 . SIG is also reported as it is a variable that is generating considerable interest amongst clinicians. It must be remembered, however, that it is a plasma estimate and has the opposite sign convention to UIX/SBEthat is, with an increasing unmeasured anion load, SIG will become more positive whereas UIX and SBE become more negative. Its 95% population confidence interval was taken to be ±6.5 mEq/l 4 .
Case 1: A 26-year-old patient admitted to the intensive care unit with acute diabetic ketoacidosis. The biochemical profile was taken on admission before fluid resuscitation commenced. Blood glucose concentration was 31.0 mmol/l, β-hydroxy butyrate concentration was 5.8 mmol/l. The results demonstrate an acidaemia due to a severe metabolic acidosis with concomitant hyperglycaemia, completely in keeping with the history and clinical presentation. The calculated SBE of -18.4 mmol/l agrees closely with the reported value of -18.6 mmol/l. Calculation of the UIX revealed a value of -13.8 mEq/l (abnormal) confirming the diagnosis. From the results of the theoretical experiments, the UIX will be much closer to the true value of [XA] than the SBE.
Case 2: The same patient as in Case 1 but 28 hours later he was clinically stable and starting to take an oral diet. Other organ function was clinically and biochemically normal. Blood glucose concentration was 4.3 mmol/l and β-hydroxy butyrate concentration was 0.3 mmol/l. The SBE is reported as -11.3 mmol/l and calculated at -11.2 mmol/l. Does this patient harbour any unmeasured charged species that may worry the clinician or is the alteration in pH and SBE due entirely to the changes in measured strong ion and weak acid concentrations? The calculated value UIX was -1.8 mEq/l, which was within its normal range. In this case, it would seem that there are no hidden net charged species and that the bulk of the observed changes in pH, [HCO 3 -] and SBE may be explained, in the main, by the alterations in the concentrations of the measured strong ions, particularly chloride 18 .
Case 3: A 68-year-old patient recovering from an acute infective exacerbation of chronic obstructive pulmonary disease. The biochemical profile was taken on day seven when the patient was stable and appeared clinically well. Signs of chronic respiratory disease were present. Because of the presence of a non-zero SBE, once again the question of unmeasured charged species arises. Calculation of UIX gave a value of -1.50 mEq/l (normal). As before, the patient harbours no net unmeasured charged species. The reported base excess is most likely due to the presence of significant hypoalbuminaemia 19 .
Case 4: A 48-year-old patient admitted after a high voltage electrocution. The patient presented with a metabolic acidaemia presumably secondary to hyperlactataemia. Plasma electrolytes and serum albumin were normal and plasma inorganic phosphate was only slightly elevated. The SBE indicated the presence of a non-respiratory acidaemia, as did the plasma pH, though only the UIX discounted the presence of other unmeasured charged species. All of the non-respiratory derangement is due to hyperlactataemia alone, and as noted by others, the fall in SBE is slightly greater than the rise in [L-lactate] 20 .
In each of these cases, the SBE was abnormal and may be interpreted as showing the presence of a nonrespiratory acidaemia or alkalaemia. The question of hidden or unmeasured charged species naturally arises. With the exception of Case 1, where hidden charged species are expected, when the UIX is calculated all of the derangement in SBE can be accounted by relative movements in either the measured strong ions or weak acids or both. Within the common clinical context of either an abnormal concentration of electrolytes or an abnormal buffer base, the SBE will predict the overall acidbase status while the UIX will predict the presence of unmeasured ions. The SIG will predict the presence of unmeasured ions in plasma, rather than extra-cellular fluid, with a larger population confidence interval due to its reliance on electrolyte concentrations for its calculation. There will be times when the SIG will give a falsely negative signal 4 . 
CONCLUSION
In a practical sense, application of the UIX will be hampered by the current inability to simultaneously measure the variables required for its calculation, though this is also the case for AG c and SIG. At present all of the major variables except for the weak acids can be accurately measured using benchtop acid-base laboratories (e.g. radiometer ABL800 Flex) with measurement of albumin and inorganic phosphate concentrations routinely performed on at least a daily basis using laboratory analysers (e.g. Beckman Coulter). Daily assays for plasma magnesium, albumin and inorganic phosphate concentrations may be used in the calculation of UIX if they remain stable between measurements. Adaptation of current networked laboratory software can be used to match the most recent results for a particular patient from different analysers, permitting the calculation of parameters such as the UIX. Such data retrieval and reporting is currently under investigation. rEFErENCES
